The impact of developing guidelines for laboratory testing in an Intensive Care Unit (ICU) was examined. Targeted blood tests were recorded on fifty cardiac surgery and fifty general intensive care patients retrospectively. Following the introduction of guidelines, the study was repeated with prospective data collection. Comparison of the samples before and after the intervention showed a 25.9% reduction in all blood tests and a 17.1% reduction in arterial blood gases in the post cardiac surgery group. In general ICU patients, the drop in all tests was 16.6% and in arterial blood gases 21.9%. The cost savings from the cardiac surgery sample was N. Z.$3,637 and general ICU N.Z.$3,166, giving a sum total of N.Z.$6,803 in 100 patients. The potential cost savings for the annual admissions of 1,200 patients is N.Z.$81,636. This study shows that written guidelines can bring about major cost reduction in the short-term.
The optimum frequency and cost-effectiveness of laboratory tests is a source of debate in intensive care literature 1 . A decision to do a blood test may depend on many things including the condition of the patient, method of treatment and perceived quality aspects. In addition, some tests are done routinely without much thought or because access via an indwelling cannula makes blood-taking easy.
This paper evaluates the effect of setting written guidelines on the number and cost of routine blood testing in a general intensive care unit.
METHOD
A blood gas analyser, which also measures sodium and potassium levels, is maintained in the Intensive Care Unit at Waikato Hospital, but all other laboratory tests are done in the central hospital laboratory. It is important to realise that a "blood gas" on the ICU machine might be done to measure potassium and sodium levels and/or the oxygen/acid base status. Requests for laboratory tests are made by the doctor and specimens collected by the nursing staff. However, a degree of freedom has been given to the nursing staff, especially in arterial blood gas analysis and electrolyte estimations, and in post cardiac surgery patients where an existing protocol has been followed for potassium estimations.
Data were collected retrospectively from the records of fifty cardiac surgery and fifty general intensive care consecutive patients who were artificially ventilated. The only people aware of the data being collected were the authors. No written guidelines for blood testing were in place during this phase and decisions were made according to tradition and individual assessment.
After completion of the above collection of data, guidelines for blood testing were drafted, refined after staff feedback, and then produced for implementation. They were easy to follow and written on one page, and placed on each bed chart-board. They were trialled over twelve weeks, had minor adjustments made and then implemented formally by written notice (Tables 1 and 2) .
A repeat collection of data was commenced prospectively four weeks after the date of this notice. Again none of the staff, apart from the authors, was aware that data were being collected. The data on both groups included an assigned study number, admission and discharge dates, diagnosis, APACHE II score, age and number of targeted blood tests up to the sixth day of ventilation. Data collection on each patient stopped with extubation or when the sixth day of ventilation was reached.
The laboratory tests targeted were the complete blood count (CBC), coagulation screen (APTT, INR, PT, fibrinogen), creatinine, sodium, potassium, urea, calcium, glucose, magnesium, phosphate and arterial blood gas (ABG).
The cost of specimens tested within the ICU was calculated by taking into account the following factors: machine depreciation, reagents, gloves, swab, needle, paper guard, syringes, labour of nurse and laboratory support staff. The laboratory costs were calculated by taking into account the relevant factors above and adding them to the actual laboratory and transport costs as provided by the laboratory.
Statistical analysis was conducted using the Mann Whitney test and a P value <0.05 was considered significant.
The project was approved by the Waikato Ethics Committee.
RESULTS
In phase 1 of the study, information was obtained from 49 cardiac surgery and 50 general intensive care patients. Phase 2 of the study collected information on 51 cardiac surgery and 49 general intensive care patients. Mean APACHE II scores were almost identical in phases 1 and 2 in both cardiac surgery patients (phase 1 = 15.2, phase 2 = 13.8, P = 0.43), and in general ICU patients (phase 1 = 18.6, phase 2 = 20.3, P = 0.46). The mean ages in years were also almost identical in phases 1 and 2 in both cardiac surgery patients (phase 1 = 58, phase 2 = 60, P = 0.69) and in general ICU patients (phase 1 = 50, phase 2 = 47, P = 0.60).
In cardiac surgery patients the mean ventilation periods in phase 1 were 13.7 hours and phase 2, 10.9 hours, (P = 0.0093). The mean ventilation periods in general ICU patients were not significantly different (phase 1 = 59.6, phase 2 = 55.4 hours, P = 0.59).
The admission diagnoses did not differ between phases 1 and 2 of general ICU and phases 1 and 2 of cardiac surgery patients (Tables 3 and 4) . Table 5 shows the number of tests before and after introduction of the guidelines. The number of tests performed decreased by 6-58.6% depending on the test. Table 6 shows the cost savings in targeted laboratory tests in general ICU and cardiac surgery for the ventilated periods up to a maximum of six days. The actual cost savings in general ICU and cardiac surgery groups were similar; i.e. N.Z.$3,166 and N.Z.$3,637 respectively, with a total of N.Z.$6,803 saved from 100 patients.
With an annual admission of 1,200 patients, the 34 This ignores the slightly different period of ventilation between phase 1 and 2 of the cardiac surgery patients which may slightly reduce the above savings. However the cost savings per admission could be much more when applied to extended ventilation patients.
DISCUSSION
Reduction in the frequency of testing has been reported in studies from Canada and the U.S.A. Roberts et al 2 described changes ranging from a 46% decrease in serum osmolality samples to a 1% decrease in magnesium and phosphate. Similarly in the University of Miami, Civetta 3 documented a 42% decrease in all tests with a 53% decrease in ICU laboratory charges six months after the introduction of their intervention.
Our finding also showed a substantial reduction in all tests. In general ICU samples, the drop in the number of laboratory tests ranged from 6% in coagulation screens to 25.7% in urea and 22% in arterial blood gases. In the cardiac surgery group, the drop range was 17.1% in arterial blood gas to 58.6% in glucose.
This decrease in ABG is even more than that shown by Inman's study, i.e. a 10.3% decrease when pulse oximetry was implemented to examine its impact on the frequency of ABG tests 4 .
Most of the reduction in the tests has been attributed to the role the written guidelines played. There were no significant differences between the patients in age or in severity of illness. However, the difference in ventilation time of the cardiac surgery patients may have partially confounded the results in this group. The reduction in the period of ventilation was related to the widespread introduction of propofol sedative infusions. We believe that the written guidelines acted as practical reminders to the cost-consciousness of the staff. Whether this reduction will be sustained or not depends on how well the guidelines continue to be reinforced, monitored and evaluated. Patient safety was not at any risk during the study, because the guidelines were only used in routine circumstances. Whenever necessary, the guidelines were bypassed and patients assessed according to their needs.
Apart from the obvious cost savings, there may also be other benefits from the implementation of the guidelines, such as: 1. Diminished blood loss. Blood is discarded with each sampling (2-5 ml) in order to clear the line of fluid. Crow et al 5 documented 70 ml of waste in 24 hours per patient. This may become very significant in a child.
Lower incidence of contamination.
External port contamination is increased with frequency of sampling from intra-arterial lines. Crow et al 5 reported 37% contamination in the stopcock system as compared to 8% contamination with a closed needle system. Stamm et al 6 reported that the rise of infection was greatest during the period in which ABGs were taken more frequently. In another series, microbial contamination of stopcocks increases with the number of manipulations of the entry port 7 . 3. Patient-nurse ratio less affected.
When the primary nurse leaves to do ABGs more frequently, a patient is left under the observation of another nurse from the next bed, reducing the ratio to 1:2. With fewer tests, the ratio of 1:1 is affected less and patient safety is better maintained. The findings disclosed the importance of and the need for some guidelines in the practice of laboratory testing, particularly in a large unit employing many people.
ACKNOWLEDGEMENT
We are grateful to Dianne Takiari-Dawson for secretarial assistance in the preparation of this manuscript. 
